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MULTIFOCAL OPHTALMIC LENS 



BACKGROUND OF THE INVENTION 

This application is a continuation in part of 
application Serial Number 465,477 filed on January 16, 
1990 which is a division of application Serial Number 
5 366,319 filed June 14, 1989 now Patent Number 4,898,461, 

which is a continuation of Serial Number 56,050 filed 
June 1, 1987, now abandoned. 

This invention relates to a multifocal 
ophthalmic lens and in particular to a lens adapted for 

10 implantation in an eye, such as an intraocular lens 

(IOL) , or to be disposed on or in the cornea, such as a 
contact lens, corneal onlay or corneal inlay. The. 
corneal inlay may also be regarded as an implant. 

A specific embodiment shown in my Patent No. 

15 4,898,461 (which patent is incorporated by reference 

herein) discloses a multifocal ophthalmic lens which 
includes a central zone circumscribed by multiple 
concentric, annular zones. The central zone may have a 
vision correction power for intermediate correction and 

20 from there the vision correction power varies 

progressively in a radial outward direction to a far 
vision correction power, and then to a near vision 
correction power. In the specific embodiment of this 
patent, the progressive vision correction power is varied 

25 between far and near through the several zones. 

A multifocal ophthalmic lens of this type 
provides multiple images on the retina. One or more of 
these images is in focus and one or more of these images 
is out of focus. The human brain selects the in-focus 

30" image to enable a multifocal ophthalmic lens of this type 
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to function well at near, intermediate and far viewing 
distances . 

SUMMARY OF THE INVENTION 
For given lighting conditions, there is only 
a fixed amount of light that will pass through a lens to 
the retina. This invention utilizes a multifocal lens 
to distribute the light most effectively among near, 
intermediate and far images. 

In terms of viewing distances, far is often 
regarded as the most important because good far vision 
is required for certain tasks, such as driving, where 
safety is important. Also, when viewing an object at a 
far viewing distance, lighting conditions and distance 
to the object often cannot be altered. Near vision is 
very important for reading and other close work. 
However, near vision is often needed under circumstances 
where light intensity can be increased and viewing 
distance altered, if needed. Finally, intermediate 
images are generally least important. 

A multifocal lens can be designed to have an 
increased depth of focus, .but this reduces image quality. 
Conversely, image quality can be increased at the expense 
of depth of focus. A feature of this invention is to 
increase depth of focus in certain portions of the lens 
and to provide maximum image quality in other portions 
of the lens and to locate the high depth of focus and 
high image quality portions of the lens in a way to 
enhance vision for far, near and intermediate objects. 

One aspect of this invention is to provide 
improved image quality and light intensity for near 
images. This can be accomplished by maintaining the near 
vision correction power of appropriate zones of the lens 
substantially constant for a major segment of the near 
vision correction power region of each zone and by 
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providing a central zone having an increased depth of 
focus. 

For near vision, the working distance, i.e., 
the distance between the eye and the object, can usually 
5 be varied with relative ease as when a person reading 

adjusts the distance between his eyes and the material 
being read. For this reason, it is desirable to 
concentrate as much light as possible at a single near 
location to provide maximum image quality at such near 

10 location. This is accomplished by the major segments of 
each near vision cJorrection power region which have 
substantially constant near vision correction power. 
Although this inherently reduces the depth of focus at 
such major segments, this is typically immaterial at this 

15 near location because of the ability to easily adjust the 

working distance. Although this feature is useful in 
contact lenses, corneal onlays and corneal inlays, it is 
particularly applicable to an intraocular lens (IOL) 
because, in that instance, the patient has minimal 

20 residual accommodation, i.e. , the ability of a normal eye 

to see objects at different distances. 

As explained more fully below, it is desirable 
to space the near vision correction power regions 
radially outwardly from the central zone of the lens. 

25 This can be accomplished by providing the multifocal 

ophthalmic lens with a plurality of annular zones 
circumscribing an optical axis with each of first and 
second of the annular zones having a far vision 
correction power and a region with a near vision 

3 0 correction power. The vision correction power between 

the far and near vision correction powers is progressive. 
Each of the regions has a major segment in which the near 
vision correction power is substantially constant. This 
provides improved image quality and light intensity for 
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near images and less intensity for intermediate images 
where image quality is of less importance. 

This invention is generally applicable to a 
multifocal ophthalmic lens of the type which is adapted 
5 to be implanted in an eye, such as an IOL or disposed on 

or in the cornea, such as a contact lens, a corneal onlay 
or a corneal inlay. A multifocal lens of this type has 
a reduced depth of ' focus as compared with a monofocal 
lens. This reduction in depth of focus is particularly 

10 noticeable for a multifocal intraocular lens because, as 

indicated above, the patient has only minimal residual 
accommodation. Another feature of this invention is to 
increase the depth of focus of the central zone of the 
multifocal ophthalmic lens. This invention employs 

15 several concepts, which can be used separately or in 

combination to increase the depth of focus of the central 

zone of the lens. 

First, the depth of focus is related to the 
aperture or pupil size, and a smaller pupil provides a 
20 larger depth of focus. For example, for a 2 millimeter 

diameter pupil, there is a depth of focus of about 2 
diopters or more. In bright light, the pupil of the 
human eye is typically approximately 2 millimeters in 
diameter. To take advantage of this inherent depth of 
25 focus obtainable by a relatively small aperture, the 

central zone of an IOL constructed in accordance with 
this invention is preferably, but not necessarily, about 
2 to 2.1 millimeters in diameter. Because of the 
effective optical zone size at the location of a contact 
lens, the central zone of a contact lens constructed in 
accordance with this invention is preferably, but not 
necessarily, about 2.25mm in diameter. In addition, this 
invention preferably includes additional features which 
increase the depth of focus of the central zone beyond 
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that provided by the relatively small-diameter central 
zone. For example, these other features may increase the 
depth of focus of the central zone about 1 diopter* With 
this arrangement , the central zone has about a 3 diopter 
5 depth of focus, and typically this is sufficient for near 

vision even if no near vision correction power is 
provided in the central zone. 

With this invention, the depth of focus of the 
central zone is extended by controlling the vision 

10 correction power of the central zone. One way to 

accomplish this is to provide a negative diopter vision 
correction power in the central zone. The negative 
diopter vision correction power is negative with respect 
to a baseline power which, for purposes of definition, 

15 is regarded as a 0 diopter power. The baseline diopter 

power is the power required to provide far vision 
correction power for the patient. The negative diopter 
power is less than the baseline diopter power and is a 
negative diopter power in the sense that it is less than, 

20 or negative with respect to, the baseline power. The 

negative diopter power may also be considered as a far, 
far vision correction power. 

In addition to employing the negative diopter 
vision correction power in the central zone, the central 

25 zone also includes progressive vision correction powers 

to further extend the depth of focus of the central zone. 

In a preferred construction of this invention, 
the central zone has, in radially outwardly extending 
order, an intermediate vision correction power, a far 

3 0 vision correction power and a negative diopter power in 

a peripheral region of the central zone. With this 
arrangement, the rays at the periphery of the central 
zone are directed to far, far focal points where they 
have less impact on the depth of focus. Consequently, 



WO 92/22264 



PCT/US92/04541 



10 



the depth of focus is increased over a conventional 
monofocal lens of the type adapted to be implanted in 
the eye or worn on a surface of the eye. The increased 
depth of focus feature, although advantageous for certain 
contact lens applications, is particularly advantageous 
for intraocular lenses because of the loss of 
accommodation resulting from removal of the natural lens 
of the eye. 

Preferably the vision correction power of the 
central zone is continuously variable or progressive. 
This provides intermediate dioptric powers in several 
locations on the surface of the lens. The intermediate 
correction power is the greatest diopter power of the 
central zone. The central zone is circumscribed by one 
15 or more outer annular zones, each of which preferably has 

near and far vision correction powers. 

Preferably, the central zone has a far, far 
vision correction power at the optical axis. In addition 
to increasing depth of focus, the far, far vision 
20 correction power compensates for the presence of the 
intermediate vision correction powers in the central zone 
so that the central zone will have a mean power equal to 
the far vision correction power for the patient. 

Accordingly, by employing the depth of focus 
25 features at the central zone of the lens, the central 

zone can be typically used for near vision in bright 
light conditions. In addition, the central zone contains 
the patient's prescription for far vision so far objects 
can also be viewed in bright viewing conditions. 

As light diminishes and pupil size 
correspondingly increases, near vision correction power 
is provided by the a 4 nnular zones referred to above which 
have the capability of providing high quality near 
images. Thus, this invention takes advantage of both 
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depth of focus and image quality features to provide for 
enhanced multifocal viewing of near objects for various 
pupil sizes, i.e., various lighting conditions. 

It is also desired to provide for far vision 
correction at locations radially outwardly of the central 
zone. For this purpose, the multifocal lens preferably 
has a third annular 'zone extending between the first and 
second annular zones. The third annular zone has a 
vision correction power which is less than the near 
vision correction power throughout the full radial 
dimension of the third annular zone. This vision 
correction power may include a far or far, far vision 
correction power. With this arrangement, far vision 
correction power is provided in the central zone for 
viewing of far objects under bright-light conditions and 
in one or more zones spaced radially outwardly of the 
central zone to provide for the viewing of far objects 
under less bright lighting conditions. 

This invention also provides for a vision 
correction power which varies in a way to reduce 
aberrations in each far vision correction portion and 
each near vision* correction portion. This is 

particularly important for contact lenses. 

' To reduce aberrations, the diopter power for 
each far vision correction portion and the diopter power 
for each near vision correction portion of the lens is 
continuously reduced in a radial outward direction. As 
a result, the image quality for far and near images is 
maximized. 

In a preferred embodiment, the lens has 
multiple annular zones with the vision correction power 
in each of the zones increasing in a radial outward 
direction relatively rapidly from a far vision correction 
power to a maximum near vision correction power, then 
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decreasing in a radial outward direction more slowly 
during a major segment of a near vision region and then 
decreasing in a radial outward direction more rapidly to 
a far vision correction power. Preferably the vision 
5 correction power of each of the near vision regions 
reduces generally linearly from the maximum near vision 
correction power so as to reduce the aberrations. It is 
the reduction of the vision correction power of each of 
the near vision regions as such regions extend radially 

10 outwardly which serves to reduce the aberrations. 

A similar vision power correction throughout 
the regions having far vision correction powers is used 
to reduce spherical aberrations of such far regions. 
Thus, the third annular zone between the first and second 

15 annular zones has far vision correction powers which 

decrease for a distance from the first annular zone 
radially outwardly. Likewise, the central zone also may 
have vision correction powers which decrease radially 
outwardly in at least a portion of the central zone to 

20 minimize spherical aberrations in such zone. 

The desired power for the lens can be provided 
in various different ways, including the use of 
refracting surfaces. In one preferred embodiment, the 
lens has anterior and posterior surfaces, at least one 

25 of which is shaped to provide the desired vision 
correction powers., With this construction, the 
progressive portions of the lens are aspheric, and 
although the regions of the lens of constant power can 
be spheric if desired, preferably they are also aspheric. 

30 It is possible to employ an aspheric surface to generate 
a region of constant power because the refractive 
properties of a surface depend, not only upon the radius 
of the surface, but also on the location of the center 
of the radius. In a preferred construction, the lens of 



M 



WO 92/22264 



PCT/US92/04541 



9 

this invention is aspheric throughout the annular zones 
and the central zone, and this provides certain 
advantages in designing the lens and also can be used to 
compensate for spherical aberrations for far vision 
5 portions and near vision portions of the lens. 

For a contact lens, it is preferred to shape 
the posterior surface to fit the curvature of the 
patient 1 s eye and to configure the anterior surface to 
provide the desired correction. Regardless of how the 

10 vision correction powers are provided, a contact lens can 
be designed to be more progressive to avoid having two 
relatively clear images but at some sacrifice in image 
quality. Alternatively, a contact lens can be designed 
to provide maximum image quality for both near and far 

15 objects, but in this event, blending is compromised. 

These alternatives provide a wider range of choice for 
suiting each patient's particular needs. 

The invention, together with additional 
features and advantages thereof, may best be understood 

20 by reference to the following description taken in 

connection with the accompanying illustrative drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a plan view of an IOL embodying the 
25 features of this invention. 

Fig. 2 is a side elevational view of the IOL. 
Fig. 3 is a plot of the power of the optic 
versus distance from the optical axis for the IOL. 

Fig. 3 A is a diagrammatic view showing how the 
30 optic focuses parallel light through an aperture to a 

near focus region, an intermediate focus region and a far 
focus region. 
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Figs. 4-6 are plots of percent intensity 
contribution versus radius from the optical axis for far, 
near and intermediate images, respectively, for the IOL. 

Fig. 7 is a ray diagram showing one way the 
depth of focus of the .central zone is increased. 

Fig. 8 is< a greatly enlarged plot showing an 
anterior surface profile for the IOL. 

Fig. 9 is a plan view of a contact lens 
constructed in accordance with the teachings of this 
invention . 

Fig. 10 is a side elevational view of the 

contact lens. 

Figs. 11-15 provide similar information for a 
relatively progressive contact lens that Figs. 3-6 and 
8 provide for the IOL of Figs. 1 and 2. 

Fig. 16 shows an alternate power distribution 
curve for a less progressive contact lens. 

Figs. 17-20 provide the same information for 
the alternate power distribution embodiment of Fig. 16 
that Figs. 12-15 provide for the power distribution curve 
of Fig. 11. 

PESGRIPTTQM OF THE PREFERP En EMBODIMENT 

Figs. 1 and 2 show an intraocular lens 11 which 
comprises a circular optic 13 and fixation members 15 and 
17. The optic 13 may be constructed of rigid 
biocompatible materials, such as polymethylmethacrylate 
(PMMA) , or flexible, deformable materials, such as 
silicone, hydrogel and the like which enable the optic 
to be rolled or folded for insertion through a small 
incision into the eye. 

In this embodiment, the fixation members 15 and 
17 are fine hair-like strands or filaments which are 
attached to the optic 13 using conventional techniques. 
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The fixation members 15 and 17 may be constructed of a 
suitable polymeric material , such as PMMA or 
polypropylene. Alternatively , the fixation members 15 
and 17 may be integral with the optic 13. The optic 13 
5 and the fixation members 15 and 17 may be of any desired 

configuration, and the configurations illustrated are 
purely illustrative. 

The optic 13 has a central zone 18 , inner and 
outer annular near zones 19 and 20 and annular far zones 

10 21, 22 and 23. In this embodiment, the central zone 18 

is circular and the peripheries of the annular zones 19- 
23 are circular. The annular zones 19-23 circumscribe 
the central zone 18, and the zones are contiguous. The 
zones 19-23 are concentric and coaxial with the optic 

15 13. 

The zones 18-23 are used in describing the 
vision correction power of the optic 13, and they are 
arbitrarily defined. Thus, the peripheries of the zones 
18-22 and the number of zones may be selected as desired. 

20 However to facilitate describing the optic 13, the 

peripheries of the annular zones 19-22 are considered to 
be the major zero crossings in Fig. 3. Although the 
boundaries of the zones 18-23 are indicated by phantom 
lines in Fig. 1, it should be understood that the optic 

25 13 has no such lines in any of its surfaces and that 

these lines constitute reference lines which define the 
zones. 

In the embodiment of Fig. 2, the optic 13 has 
a convex anterior surface 25 and a planar posterior 
30 surface 27; however, these configurations are merely 

illustrative. Although the vision correction power may 
be placed on either of the surfaces 25 or 27, in this 
embodiment, the anterior surface 25 is appropriately 
shaped to provide the desired vision correction powers. 
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Fig, 3 shows the preferred manner in which the 
vision correction power of the optic 13 varies from the 
center or optical axis 29 of the optic to the circular 
outer periphery 31 of the optic. A preferred power 
5 distribution curve for a corneal inlay may be similar, 

or identical, to the curve of Fig. 3. In Fig. 3, the 
vertical or "Y" axis represents the variation in diopter 
power of the optic 13 from the baseline or far vision 
correction power, and the M X" or horizontal axis shows 

10 the distance outwardly from the optical axis 29 in 

millimeters. Thus, the zero-diopter or baseline power 
of Fig. 3 is the power required for far vision for an 
IOL. The power variation shown in Fig. 3 is applicable 
to any radial plane passing through the optical axis 29. 

15 In other words, the power at any given radial distance 

from the optical axis 29 is the same. 

The central zone 18 extends from the optical 
axis 29 to a circular periphery 33, the inner annular 
near zone 19 is considered as extending from the 

20 periphery 33 to a circular periphery 34, and the outer 

annular near zone is considered as extending from a 
periphery 35 to a periphery 36. The annular far zone 21 
extends between the peripheries 34 and 35, and the 
annular far zone 22 extends from the periphery 36 

25 radially outwardly to a periphery 37. The annular zone 

23 extends from the periphery 37 radially outwardly to 
the outer periphery 31 of the optic 13. As shown in Fig. 
3, the vision correction power crosses the "X" axis or 
baseline at the peripheries 33, 34, 35, 36 and 37. The 

30 crossings of the baseline in the zone 21 are considered 

minor and do not define any zone boundary- 

As shown in Fig. 3, the vision correction power 
varies progressively and continuously from a negative 
diopter power at the optical axis 29 through a baseline 
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diopter correction power to an apex 38 and then decreases 
continuously and progressively from the apex 3 8 back 
through the baseline diopter correction to another 
negative diopter power at a point 39. The negative 
5 diopter powers at the optical axis and the point 39 are 

of less power than is required for far vision and may be 
considered as far, far vision correction powers. From 
the point 39, the vision correction power increases 
continuously and progressively through the periphery 33 

10 into the inner annular near zone 19. Of course, the 

diopters shown on the ordinate in Fig. 3 are merely 
exemplary, and the actual correction provided will vary 
with the prescription needs of the patient. 

The apex 38 has a vision correction power for 

15 intermediate vision. The intermediate vision correction 

powers may be considered as being in a zone 40 which may 
be between .5 and .75 diopters from the baseline diopter 
power. The far vision correction powers may be 
considered as lying between the zone 40 and the baseline 

20 diopter correction, and the far, far vision correction 

powers are negative. The intermediate, far and far, far 
powers combine to provide a mean power in the central 
zone 18 for far vision. 

Within the inner annular near zone 19, the 

25 vision correction • power varies continuously and 
progressively from the periphery 33 to a plateau 41, and 
from the plateau, the vision correction power varies 
continuously and progressively back to the periphery 34 
at the baseline. In the far zone 21, the vision 

30 correction power increases very slightly above the 

baseline and then proceeds to a far, far negative vision 
correction power at a point 43 at which the vision 
correction power reverses and returns to the baseline at 
the periphery 35. 
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In the outer annular near zone 20, the power 
varies continuously and progressively from the periphery 
35 to a plateau 45 and returns continuously and 
progressively from the plateau 45 to the baseline at the 
5 periphery 36. In the far zone 22, the power dips 

slightly below the baseline to a point 47 in the far, far 
correction region and then returns to the baseline at the 
outer periphery 37. The dips below the baseline to the 
points 43 and 47 in the far zones 21 and 22 help support 

10 the increased depth of focus of the central zone 18. 

The far zone 23 has a vision power that lies 
along the baseline and is configured for far vision. The 
zone 23, which lies radially outwardly of a diameter of 
4.7 mm,' is only usable in poor light conditions when the 

15 pupil is very large.* Under poor lighting conditions such 

as this, far vision is all that is normally required. 

The inner near zone 19 has regions adjacent the 
peripheries 33 and 34 with far vision correction powers 
and a second region, which includes the plateau 41 with 

20 near vision correction powers. Similarly, the outer near 
zone 20 has regions adjacent the peripheries 35 and 36 
with far vision correction powers and a second region, 
which includes the plateau 45, with near vision 
correction powers. For example, the near vision powers 

25 may be those which are above 2 or 2.5 diopters . The 2 

to 2.5 diopters correspond to about 20 to 15 inches, 
respectively, of working distance, and this distance 
corresponds to the beginning of near activities. 

As shown in Fig. 3, each of these "near" 

30 regions has a major segment, i.e., the plateaus 41 and 
45 in which the near vision correction power is 
substantially constant. The plateau 41, which lies 
radially inwardly of the plateau 45, has a greater radial 
dimension than the plateau 45. The difference in radial 
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dimensions of the plateaus 41 and 45 allows these two 
plateaus to have approximately the same area. 

Only a relatively small portion of the anterior 
surface 25 is dedicated to intermediate vision powers. 
5 This can be seen by the relatively small radial region 

which corresponds to the intermediate zone 40 (Fig. 3) 
and by the rapid change in diopter power between the 
plateaus 41 and 45 and the baseline diopter axis. 
Consequently , as explained more fully hereinbelow, a 

10 relatively small portion of the light intensity is 
dedicated to intermediate images. 

It can be seen from Fig. 3 that the vision 
correction power of the central zone is continuously 
variable and that the vision correction power of the 

15 entire optic, except for the plateaus 41 and 45, is 

continuously variable. The apex 38 is the greatest 
diopter power of the central zone 18, and the negative 
diopter power at the optical axis 29 and the points 39, 
43 and 47 is blended smoothly with the vision correction 

20 powers radially outwardly thereof. 

One advantage of this invention and in 
particular of the variation in vision correction powers 
is in the effective distribution of focused light 
intensity at far, near and intermediate focus regions. 

25 This is illustrated in Figs. 4-6 which show the 

percentage of light intensity which is focussed in the 
far, near and intermediate focus regions, respectively, 
by the optic 13 for all apertures from the optical axis 
29 to the periphery 37, i.e., for apertures up to 4.7 mm 

3 0 in diameter. In Figs. 4-6, the zones 18-22 are separated 

by dashed lines, and the zone 23, which is dedicated to 
far vision correction under poor lighting conditions, is 
not shown. 
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As an aid to understanding Figs. 4-7, Fig. 3 A 
shows how the optic 13 focuses parallel incoming light 
through an aperture A to a near focus region, an 
intermediate focus region and a far focus region. The 
5 aperture A may be of any size out to the periphery 37, 
and in the form shown in Fig. 3 A is about 3mm in 
diameter. From Fig. 3A, it can be seen that peripheral 
rays R,, are focussed by the optic 13 in the near focus 
region. With reference to Fig. 3, these are rays that 

10 are along the plateau 41. Central rays R, are focussed 

in the far focus region, and these rays may be, for 
example, in the zone 18. Finally, other rays R, are 
focussed by the optic 13 in the intermediate focus 
region, and these rays may come, for example, from the 

15 zone 18 near the apex 38 or in the intermediate range of 

the zone 19. 

Fig. 4 shows the percent of light focussed by 
the optic 13 in the far focus region for any aperture 
size out to 4.7mm diameter. Figs. 5 and 6 provide the 

20 same information for light focussed in the near and 

intermediate focus regions, respectively. It is 
important to note that each point on the "X" axis of 
Figs. 4-6 represents an aperture radius or area and that 
the "Y" axis in each of these figures represents the 

25 percent of light for that particular aperture size which 

is focussed in the associated region. 

Fig. 4 shows a significant intensity 
contribution to far images at all locations on the optic 
13 and that, for a significant portion of the central 

30 zone 18, 100 percent of the light intensity is focussed 

in the far focus region and, therefore, contributes to 
the far image. In this specific example, the average 
intensity of light focussed in the far focus region is 
49 percent for an annular aperture having an inner 
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diameter of about 2mm and an outer diameter of about 
4.7mm. Dedicating this portion of the light to far 
vision is important because much of the viewing commonly 
done is at images requiring good far vision. Also, this 
5 is at least as great* a percentage of light as the natural 

lens of the eye provides for far vision for an older 
patient. 

Fig. 5 shows the percent of light intensity 
focussed by the optic 13 in the near region (Fig. 3 A) . 

10 For an annular aperture having an inner diameter of about 
2mm and an outer diameter of about 4.7mm f the average 
percent of light intensity focussed by the optic 13 in 
a near image in this example is 37 percent. The plateaus 
41 and 45 contribute significantly to focussed light 

15 intensity in the near focus region and to the relatively 

high intensity contribution to the near images. If the 
plateaus 41 and 45 were replaced with a rounded or 
pointed apex, the average intensity contribution to near 
images would be reduced. The central zone 18 makes no 

20 light intensity contribution to near images. 

Finally, Fig. 6 shows by way of example an 
average focussed light intensity in the intermediate 
region and contribution to intermediate images of about 
14 percent for an annular aperture having an inner 

25 diameter of about 2mm and an outer diameter of about 

4.7mm. For apertures below 2mm in diameter, a 
significant portion of the light contributes to 
intermediate images. All of the zones 18-22 make some 
intensity contribution to intermediate images, i.e., have 

3 0 some light focussed in the intermediate region, with the 

contribution of the central zone near the apex 38 being 
the greatest. 

One advantage of the far, far vision correction 
powers of the central zone 18 is to increase the depth 
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of focus of the central zone of the multifocal optic 13. 
The depth of focus is defined by the size of the blur 
spot which provides tolerable vision. In Fig. 7, a blur 
spot having a radial dimension «D" provides tolerable 
5 vision. Fig. 7 compares the depth of focus obtained by 
directing the peripheral rays to a far focal point 49 and 
a far, far focal point 51. Because a peripheral region 
of the central zone 18 has far, far vision correction 
powers, the rays at the periphery of the central zone are 

10 directed to the far, far focal point 51. From Fig. 7, 
it can be seen that directing the peripheral rays to the 
far, far focal point 51 provides a depth of focus 
which is greater than the depth of focus I*, provided by 
directing the peripheral rays to the far focal point 49. 

15 In addition, the variable vision correction powers of the 

central zone 18 also serve to increase the depth of focus 
of the central zone. 

Fig. 8 shows the configuration of the anterior 
surface 25 of the optic 13 at various distances from the 

20 optical axis 29 which can be used to provide the power 

curve of Fig. 3 for an optic of silicone having a 
refractive index of 1.408. Preferably, the anterior 
surface 25 has a base curve which provides the power for 
far vision, and this far vision correction power is 

25 considered the baseline power. The shape of the anterior 

surface 25 of Fig. 8 can be coordinated with the diopter 
powers of Fig. 3 by the numerical designations on the 
abcissa. The ordinate shows the depth to which the optic 
13 is cut, or otherwise, formed. 

30 The anterior surface 25 is entirely aspheric, 

and this is true even of the regions which correspond to 
the plateaus 41 and 45. It is possible to have a 
constant power as exemplified by the plateaus 41 and 45 
utilizing an aspheric surface by varying the location of 
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the center of the radius. This technique is explained 
in liens Design Fundamentals by Rudolf Kingslake published 
by Academic Press of New York in 1978 and is known to 
those having ordinary skill in the art. The use of an 
5 aspheric surface minimizes spherical aberrations, and 

because an aspheric surface is needed for progressive 
portions of the lens, it can easily be employed for the 
entire anterior surface 25. 

Ideally, a spherical surface provides constant 

10 power. However, a non-ideal spherical surface does not 

focus rays to the same point, thereby creating spherical 
aberrations. The aspheric surface 25 minimizes these 
aberrations . 

Fig. 9 shows a contact lens 111 constructed in 

15 accordance with the teachings of this invention. The 

contact lens 111 is sized and configured to be carried 
or worn on a surface of the eye. Optically, the contact 
lens 111 may be essentially identical to the optic 13 of 
Figs. 1-8 in all respects not shown or described herein. 

20 Portions of the figures relating to the contact lens 111 

which correspond to portions of the figures relating to 
the intraocular lens 11, are designated by corresponding 
reference numerals preceded by the numeral "l" . 

Optically, the contact lens 111 has a central 

25 zone 118, inner annular near zones 119 and 120 and outer 

annular zones 121-123 which correspond, respectively, to 
the zones 21-23 of the intraocular lens 11. The contact 
lens 111 has a convex anterior surface 125 which is 
shaped to provide tl*e desired variable vision correction 

3 0 powers, and a posterior surface 127 which is concave and 

configured to the desired shape for the eye of the 
wearer. Of course, the corrective powers could be 
provided on the posterior surface 127, if desired. 

Optically, the contact lens 111 is very similar 



WO 92/22264 



PCT/US92/04541 



20 

to the intraocular lens 11, and this can be seen by 
comparing Fig. 11 with Fig. 3. The zero diopter or 
baseline power is the patient 1 s prescription for far 
vision and, therefpre, is different from patient to 
patient . 

Fig. 11 shows the power or diopter distribution 
for a contact lens which is quite progressive and which 
includes spherical aberration compensation. In Fig. 11 , 
the baseline power at the "X" axis represents the 
correction required by a particular patient for far 
vision correction. 

A contact lens exhibits significant spherical 
aberration. To help correct this, the power curve of 
Fig. 11 is tilted downwardly in a radial outward 
direction. This tilt results in the power curve 
beginning at the optical axis 129 at some positive 
diopter power rather than at a negative diopter power as 
in the case of the I0L of Fig. 3. The IOL does not 
suffer from the spherical aberration problems to the same 
degree as a contact lens. 

For the contact lens 111, the vision correction 
power begins with intermediate correction at the optical 
axis 129 and increases progressively and continuously to 
an apex 138 and then decreases progressively and 
continuously across the abcissa to the point 139 which 
provides a negative diopter power for far, far 
correction. This increases the depth of focus in that 
the rays at the periphery of the central zone 118 are 
directed to a far, far focal point as shown in Fig. 7. 
The apex 138 is also considered an intermediate 
correction power. 

The central zone 118 differs from the central 
zone 18 in that the power at the optical axis 129 is 
slightly positive arid may be considered as providing far 
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vision correction powers. For a contact lens, the power 
shift correction provided by the far-far correction at 
the optical axis of the intraocular lens 11 is not used. 
Accordingly, the mean power of the central zone may be 
greater than the patient's prescription for far 
correction. 

The inner annular near zone 119 has a 
continuously varying progressive vision correction power 
from the periphery' 133 to the periphery 134 to help 
increase the depth of focus. The primary difference 
between the inner annular near zone 119 and the inner 
annular near zone 19 of Fig. 3 is that the plateau 141 
is sloped to provide progressively reducing near vision 
correction powers to correct for spherical aberrations 
in the zone 119. The primary difference between the 
annular far zones 21 and 121 is that, in the zone 121, 
the vision correction power progresses negatively and 
smoothly from the periphery 134 to the point 143 to 
correct for spherical aberrations. 

Similarly, the outer annular near zone 120, 
which extends from the periphery 135 to the 13 6 has 
continuously and progressively varying vision correction 
powers, with the plateau 145 also sloping like the 
plateau 141 to correct for spherical aberrations in the 
zone 120. Thus, in the annular near zones 119 and 120, 
the vision correction power increases in a radial outward 
direction and relatively rapidly from a far vision 
correction power at the peripheries 133 and 135 to a 
maximum near vision correction power at locations 161 and 
163, respectively, and then decreases in a radial outward 
direction more slowly during a major segment of the near 
vision region, i.e., the plateaus 141 and 145. Finally, 
the vision correction power decreases in a radial outward 
direction more rapidly from the radial outer ends of the 
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plateaus 141 and 145 to the peripheries 134 and 136, 
which represent a far vision correction power. However, 
the plateaus 141 and 145 serve, similar to the plateaus 
41 and 45 (Fig. 3) , to somewhat concentrate light for 
5 near vision viewing and to provide somewhat sharpened 

near vision images. 

The annular zone 122 provides a vision 
correction power which decreases radially outwardly from 
the periphery 136 almost to the periphery 137 where it 

10 returns progressively to the axis at the periphery 137. 

The zone 123, like the zone 23, extends from the 
periphery 137 to the outer periphery 131 and provides far 
vision correction under poor light conditions. The 
radial dimensions of the zones 118-123 are different from 

15 the corresponding radial dimensions of the zones 18-23, 

as shown by comparing Figs. 11 and 3. For example, the 
diameter of the contact lens 111 may be from about 9mm 
to about 13mm. 

Sloping the plateaus 141 and 145, as well as 

20 regions of the zones 121 and 122, is useful in reducing 

aberrations in each of the zones. The sloping of the 
power curve in the far zones 121 and 122 reduces the 
power in these zones into the far, far range. As a 
result of this overall sloping of the power curve, the 

25 maximum vision correction power at the location 161 in 
the near zone 119 is greater than maximum vision 
correction power at the location 163 of the near zone 
120. 

Figs. 12-14 show the focussed light intensity 
30 in the far, near and intermediate focus regions, 

respectively, and therefore correspond to Fig. 4-6. For 
contact lenses, apertures above 5.5 mm typically occur 
only in dim light where far vision dominates. The zones 
118-123 are separated by dashed lines in Figs. 12-14. 
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In this embodiment, the contact lens 111 achieves an 
average intensity of focussed light in the far focus 
region of 48 percent, an average intensity of focussed 
light in the near focus region of 34 percent, and an 
average intensity of focussed light in the intermediate 
focus region of 18 percent for annular apertures having 
an inner diameter of about 2.25mm and an outer diameter 
of about 5.5mm, Accordingly, the light intensity is very 
effectively utilized for far and near images in addition 
to providing extended depth of focus in the central zone 
118 to compensate for the absence of near power 
correction in the central zone. 

The curves of Figs. 12-14 are quite similar to 
the curves of Figs. 4-6, respectively. For example 100 
percent of the light in the region around the optical 
axis 129 contributes to intensity of focussed light in 
the far focus region, i.e., to the intensity of the far 
image, and none of the light in the central zone 118 
contributes to the near image. The intermediate light 
intensity is highest in the central zone 118 and reduces 
smoothly at locations radially outwardly of the central 
zone 118. 

Fig. 15 shows one way in which the anterior 
surface 125 of the contact lens 111 may be shaped to 
provide the variable vision correction powers of Fig. 11 
for an optic of polymacon having a refractive index of 
1.443. The contact lens 111 has a base curve which 
provides a zero diopter or baseline power for far vision 
correction power, and this zero diopter or baseline power 
corresponds to the patient 1 s prescription for far vision. 
The base curve is modified to provide the vision 
correction powers of Fig. 11. The anterior surface 125 
is preferably aspheric throughout. 
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Fig, 16 shows an alternate surface diopter 
distribution for the contact lens 111. Preferred power 
distribution curves for a corneal onlay may be similar, 
or identical, to the curves of Figs. 11 and 16. As 
compared with the embodiment of Figs. 9-15 , this 
embodiment has enhanced bifocal images with only a 
slightly reduced depth of focus. Conversely, the 

embodiment of Figs* 9-15 provides a greater depth of 
focus. Portions of the curves shown in Figs. 16-20 
corresponding to portions of the curves shown in Figs. 
-11-15 are designated by corresponding reference numerals 
followed by the letter "a". 

The effect of this different power distribution 
is shown in Figs. 17, 18 and 19 where it can be seen that 
higher intensity contribution to far images is obtained. 
Specifically, the average intensity of focussed light in 
the far focus region or the average contribution to far 
images utilizing the power distribution of Fig. 16 is 57 
percent for annular apertures having an inner diameter 
of about 2.25mm and an outer diameter of about 5.5mm. 
For the same annular aperture, the average intensity 
contribution to near images is 38 percent, and the 
average intensity contribution to intermediate images is 
only 4 percent. Thus, the power distribution of Fig. 16 
can be used where substantial light intensity is desired 
for far images while maintaining good light intensity for 
near images and a more modest light intensity for 
intermediate images. 

In Fig. 16, the central zone 118a extends to 
the periphery 133a. The vision correction power begins 
with a far vision correction power at the optical axis 
129a and decreases continuously and progressively within 
the range of far vision correction powers to a point 139a 
in the far, far range and then returns to zero diopter 
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power at the periphery 133a. Consequently , the rays at 
the periphery of the central zone 118a are directed to 
a far, far focal point as shown in Fig. 7 to provide an 
increased depth of focus for the central zone. However, 
5 the central zone 118a has somewhat less progressive 

vision correction powers than the central zone 118 (Fig. 
11) , and to that extent, does not have as great a depth 
of focus as the central zone 118. All of the light 
intensity from the optical axis 129a to the periphery 

10 133a, i.e., in the central zone 118a, is devoted to the 

far image as shown in Fig. 17. The mean vision 
correction power of the central zone 118a is slightly 
greater than the zero diopter or baseline vision 
correction power. 

15 From the periphery 133a radially outwardly, the 

curve of Fig. 16 may be substantially identical to the 
curve of Fig. 11. The differences in the light intensity 
curves of Figs. 17-19 and 12-14 are due primarily to the 
differences in the vision correction powers of the 

20 central zones 118a and 118. The anterior surface of a 

contact lens which is to have the vision correction 
powers of Fig. 16 can be shaped as discussed above in 
connection with Fig. 15. Fig. 20 shows by way of example 
how the anterior surface 125a of the contact lens may be 

25 shaped to provide the variable vision correction powers 

of Fig. 16. 

Although exemplary embodiments of the invention 
have been shown and described, many changes, 
modifications and substitutions may be made by one having 
30 ordinary skill in the art without necessarily departing 

from the spirit and scope of this invention. 
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CIAIMS 



1. A multifocal ophthalmic lens for providing 
vision correction powers, said lens being adapted for 
implantation in an eye or to be disposed on or in the 
cornea, said lens having a baseline diopter power for far 

5 vision correction power, said lens having a central zone 
and a first outer zone radially outwardly of the central 
zone, said central zone having a progressive power region 
in which the vision correction powers vary progressively 
and in radially outwardly extending order from an 
10 intermediate vision correction power, to a far vision 

correction power and then to a diopter power which is 
less than the baseline diopter power. 

2. A lens as defined in claim 1 wherein the 
lens has anterior and posterior surfaces with one of said 
surfaces being configured to provide said vision 
correction powers, said one surface having a base curve 

5 defining said baseline diopter power for far vision 

correction power. 

3. A lens as defined in claim 1 wherein the 
vision correction powers of the central zone are 
continuously variable. 

4. A lens as defined in claim 1 wherein the 
lens has an optical axis extending through the central 
zone and the vision correction power increases from the 
optical axis to said intermediate vision correction 

5 power. 
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5. A lens as defined in claim 4 wherein the 
vision correction power at the optical axis is less than 
the baseline diopter power. 

6. A lens as defined in claim 1 wherein the 
mean power in the central zone is about the baseline 
diopter power. 

7. A lens as defined in claim 1 wherein the 
central zone is no greater than about 2.25mm in diameter, 
the first outer zone is contiguous the central zone and 
has a far vision correction power adjacent the central 
zone and a region having a near vision correction power, 
the vision correction power of the first outer zone 
between the far and near vision correction powers being 
progressive • 

8. A lens as defined in claim 1 wherein the 
intermediate vision correction power is the greatest 
diopter power of the central zone. 

9. A lens as defined in claim 8 wherein the 
lens has an optical axis extending through the central 
zone and the vision correction power increases from the 
optical axis to said intermediate vision correction 
power, and the vision correction power at the optical 
axis is less than the baseline diopter power. 

10. A lens as defined in claim 1 wherein the 
diopter power which is less than the baseline power is 
in an outer peripheral region of the central zone. 
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11 • A lens as defined in claim 1 wherein the 
first outer zone is annular and circumscribes the central 
zone. 

12. A lens as defined in claim 11 wherein the 
first outer zone has a far vision correction power 
adjacent the central zone and a region having a near 
vision correction power, the vision correction power of 
the first outer zone between the far and near vision 
correction powers being progressive. 

13. A lens as defined in claim 12 including 
a second outer zone which is annular and circumscribes 
the first outer zone, said second outer zone has a far 
vision correction power and a region having a near vision 
correction power, and the vision correction power between 
the far and near vision correction powers of the second 
outer zone is progressive. 

14. A lens as defined in claim 13 wherein each 
of said regions has a major segment in which the near 
vision correction power is substantially constant. 

15. A lens as defined in claim 14 wherein the 
lens has a third annular zone between the first and 
second annular zones, said third annular zone being for 
far vision. 

16. A multifocal ophthalmic lens for providing 
variable vision correction power, said lens being adapted 
for implantation in an eye or to be disposed on or in the 
cornea, said lens having an optical axis, said lens 
having a plurality of annular zones circumscribing the 
optical axis, each of first and second of said annular 
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zones having a far vision correction power and a region 
having a near vision correction power , the vision 
correction power between the far and near vision 
correction powers being progressive , each of said regions 
having a major segment in which the near vision 
correction power is substantially constant. 

17. A lens as defined in claim 16 wherein the 
lens has a third annular zone extending between the first 
and second annular zones, said third zone having a vision 
correction power which is less than near vision 
correction power throughout the full radial dimension of 
the third annular zone. 

18. A lens as defined in claim 17 wherein the 
third annular zone has a major segment with a far vision 
correction power which varies. 

19. A lens as defined in claim 17 wherein each 
of the first and second annular zones has far vision 
correction powers on opposite sides of said region of 
such zone and the vision correction power is progressive 
between said region and the far vision correction powers 
on the opposite sides of said region. 

20. A lens as defined in claim 16 wherein a 
first of the major segments lies radially inwardly of a 
second of the major segments and has a greater radial 
dimension than the second major segment. 

21. A lens as defined in claim 16 wherein the 
lens has an anterior surface and a posterior surface and 
one of said surfaces has an aspheric section providing 
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the near vision correction power for at least a portion 
of one of said major segments. 

22. A lens as defined in claim 21 wherein said 
one surface is aspheric throughout said annular zones. 

23. A lens as defined in claim 16 wherein the 
lens has a central zone circumscribed by the annular 
zones, said central zone has a progressive vision 
correction power which is less than near vision 
correction power throughout the full radial dimension of 
the central zone. 

24. A lens as defined in claim 23 wherein the 
central zone has intermediate and far vision correction 
powers and the progressive vision correction power of the 
central zone blends the intermediate and far vision 
correction powers of the central zone. 

25. A lens as defined in claim 16 wherein the 
lens has a central zone circumscribed by the annular 
zones, said central zone having a vision correction power 
which varies in a radial outward direction from a far 
vision correction power to an intermediate vision 
correction power to a far vision correction power, the 
intermediate vision correction power being the maximum 
vision correction power of the central zone. 

26. A multifocal ophthalmic lens for providing 
variable vision correction power, said lens being adapted 
for implantation in an eye or to be disposed on or in a 
surface of the cornea, said lens having an optical axis 
and a plurality of annular zones circumscribing the 
optical axis, each of at least said first and second 



WO 92/22264 



PCT/US92/04541 



31 

annular zones having a region with a near vision 
correction power, the vision correction power in each of 
said first and second annular zones increasing in a 
radial outward direction and relatively rapidly from a 
far vision correction power to a maximum near vision 
correction power , then decreasing in a radial outward 
direction more slowly during at least a major segment of 
said region and then decreasing in a radial outward 
direction more rapidly to a far vision correction power , 
the second annular zone circumscribing the first annular 
zone. 

27. A lens as defined in claim 26 wherein said 
lens has a baseline diopter power for far vision 
correction power and a diopter vision correction power 
between said first and second zones which is less than 
the baseline diopter power. 

28. A lens as defined in claim 26 wherein the 
maximum vision correction power of the region of one of 
said zones is greater than the maximum vision correction 
power of the region of the zone which lies immediately 

5 radially outwardly of said first zone. 

29. A lens as defined in claim 26 wherein the 
lens has an anterior surface and a posterior surface and 
one of said surfaces has an aspheric section providing 
the near vision correction power for at least a portion 

5 of one of said major segments. 

30. A lens as defined in claim 2 6 wherein the 
lens has a third annular zone between the first and 
second annular zones, said third annular zone being for 
far vision and having vision correction powers which 
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5 decrease for a distance radially outwardly of the first 
annular zone. 

31. A lens as defined in claim 30 wherein the 
lens has a baseline diopter power for far vision and the 
vision correction powers of the third annular zone in 
said distance includes a diopter power which is less than 
the baseline diopter power. 

32. A lens as defined in claim 26 wherein the 
lens has a central zone which is circumscribed by the 
annular zones, the central zone has far vision correction 
powers which decrease radially outwardly in at least a 

5 portion of the central zone. 

33. A lens as defined in claim 32 wherein the 
lens has a baseline diopter power for far vision and the 
vision correction powers of the central zone include a 
diopter power which is less than the baseline diopter 

5 power in said portion of said central zone. 

34. A multifocal ophthalmic lens for providing 
variable vision correction power, said lens adapted for 
implantation in an eye or to be disposed on or in a 
surface of the cornea, said lens having a baseline 
diopter power for far vision correction power, said lens 
having a central zone and a first outer zone radially 
outwardly of the central zone, said central zone having 
a peripheral region with a negative diopter power which 
is less than the baseline diopter power whereby the depth 
of focus of the central zone is increased. 



5 
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35. A lens as defined in claim 34 wherein the 
first outer zone is annular, contiguous the central zone 



WO 92/22264 



PCT/US92/04541 



33 

and circumscribes the central zone, the first outer zone 
having vision correction powers which include a near 
vision correction power. 
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